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METHOD FOR ASSEMBLING AN
OPERATING MEMBER AND AN ADAPTING

MEMBER BY A ROBOT, ROBOT, AND
CONTROLLER

TECHNICAL FIELD

The present disclosure relates to the field of industrial
robots, and particularly relates to a method for assembling
an operating member and an adapting member by a robot, a
robot, and a controller.

BACKGROUND

Currently, position-based control 1s mainly adopted in
industrial robots for objects assembling. However, there are
some application scenarios 1n which position-based control
1s not achievable since 1t 1s possible that relative locations
and postures of the objects to be assembled are not consis-
tent and locations and/or postures errors may exist. The
existence ol such errors may cause that the robot fails to
complete the whole assembling process, and thus the errors
have to be corrected manually in this circumstance. For
example, 1n industrial production, the assembling of various
plugs and sockets often relies on manual operation.

Therefore, 1t 1s necessary to further improve the automa-
tion degree of robot assembling, so as to release operating
members from more operation lines.

SUMMARY

The present disclosure intends to propose a method for
assembling an operating member and an adapting member
by a robot. According to an aspect of the present disclosure,
the method includes: moving the operating member towards
the adapting member 1n an assembly direction until the
operating member reaches the adapting member, wherein
the assembly direction 1s a direction which allows the
operating member and the adapting member to be engaged;
determining a moving mode for adjusting the operating
member, the moving mode comprising one or both of a
moving-in-plane mode, 1n which the operating member 1s
moved 1n a plane perpendicular to the assembly direction,
and a posture-adjusting mode, 1n which the operating mem-
ber 1s adjusted around the assembly direction; moving the
operating member 1n the determined moving mode, and
applying a force continuously to the operating member 1n
the assembly direction during moving the operating member
in the determined moving mode; and determining whether a
preset condition for a completion of the assembling of the
operating member and the adapting member 1s satisfied, and
stopping moving the operating member 1n the determined
moving mode as well as stopping applying the force to the
operating member in the assembly direction when 1t 1s
determined that the preset condition 1s satisfied.

According to the other aspect of the present disclosure, a
robot 1s provided. The robot includes several connecting
rods; joint drivers provided at connections of the connecting
rods; an end eflector provided at the end of the connecting
rods; and an operating tool provided at the end eflector. The
operating tool 1s configured to move an operating member to
an adapting member 1 an assembly direction until the
operating member reaches the adapting member, where the
assembly direction 1s the direction which allows the oper-
ating member and the adapting member to be engaged;
move the operating member 1n a determined moving mode,
where a force 1s continuously applied to the operating
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2

member 1n the assembly direction during moving the oper-
ating member in the determined moving mode; and stop
moving the operating member in the determined moving
mode and stop applying the force to the operating member
in the assembly direction, 1t a preset condition for a comple-
tion ol the assembling of the operating member and the
adapting member 1s satisfied.

According to another aspect of the present disclosure, a
controller 1s provided. The controller includes a processor
and a memory used for storing mstructions. When executing
the instructions, the processor 1s configured to control a
robot to move an operating member to an adapting member
in an assembly direction until the operating member reaches
the adapting member, where the assembly direction 1s a
direction which allows the operating member and the adapt-
ing member to be engaged; determine a moving mode for
adjusting the operating member, where the moving mode
includes one or both of a moving-in-plane mode and a
posture-adjusting mode; control the robot to move the
operating member 1n the determined moving mode, where
the robot 1s controlled to apply a force to the operating
member 1n the assembly direction during moving the oper-
ating member 1n the determined moving mode; and deter-
mine whether a preset condition for a completion of the
assembling of the operating member and the adapting mem-
ber 1s satisfied, and when it 1s determined that the the preset
condition 1s satisfied, stop moving the operating member 1n
the determined moving mode and stop applying the force to
the operating member in the assembly direction. In the
moving-in-plane mode, the operating member 1s moved 1n a
plane perpendicular to the assembly direction, and in the
posture-adjusting mode, the operating member 1s adjusted
around the assembly direction.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly explain the techmical solutions accord-
ing to embodiments of the present disclosure, the accompa-
nying drawings used 1n describing the embodiments will be
briefly described below. The drawings in the following
description are merely exemplary embodiments of the pres-
ent invention. For those of ordinary skill in the art, other
embodiments can be derived based on these drawings with-
out any creative work.

FIG. 1 1s a block diagram of a robot according to an
example of the present disclosure.

FIG. 2 1s a schematic illustration of a robot body accord-
ing to an example of the present disclosure.

FIG. 3 1s a flowchart of a method for assembling a
workpiece by a robot according to an example of the present
disclosure.

FIG. 4 schematically shows an assembling scenario of an
operating member and an adapting member according to an
example of the present disclosure.

FIG. § schematically shows another assembling scenario
according to another example of the present disclosure.

FIG. 6A and FIG. 6B schematically show exemplary
scenarios where an operating member 70 (a voice coil)
needs to be fit into an adapting member 72 (a voice device),
in which FIG. 6 A shows the scenario before the assembling
and FIG. 6B shows the scenario after the assembling.

FIG. 6C shows an example of a grid path when the
operating member 70 1s moved in the plane 722 1n grid path.

FIG. 6D shows a way of moving the operating member 70
in a straight line back and forth in the plane 722.
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FIG. 7 1s a flowchart of an exemplary process for assem-
bling an operating member and an adapting member by a

robot according to an example of the present disclosure.
FIG. 8 1s a block diagram of a controller according to an
example of the present disclosure.

DETAILED DESCRIPTION

The present invention will now be described 1n detail with
reference to the drawings and examples. The described
embodiments are merely exemplary and represent a subset
of embodiments of the present disclosure. Those skilled 1n
the art can obtain additional embodiments based on the
embodiments of the present disclosure without creative
cllorts, and all these embodiments fall within the scope of
the present disclosure.

FIG. 1 1s a block diagram of a robot according to an
example of the present disclosure. FIG. 2 1s a schematic
illustration of a robot body according to an example of the
present disclosure, which 1s also called a robot arm 1n some
cases. In various examples of the present disclosure, an
operating member and an adapting member refer to two
workpieces to be assembled together, where one of the
workpieces operated by, for example, an operating tool
provided at the end of the robot 1s called an operating
member, and the other of the workpieces which 1s adapted
to fit the operating member 1s an adapting member. In some
instances, the adapting member may further include an
adapting part to be combined with the operating member. In
other instances, the operating member may include an
operating part specifically for matching the adapting mem-
ber.

As shown 1 FIG. 1, the robot includes a robot body 20,
a controller 22 and a vision system 24. As shown 1n FIG. 2,
the robot body 20 may include several connecting rods 11
and end eflector 12 disposed at the end of the links. For
example, the end eflector 12 can be equipped with an
operating tool (not shown) through the end flange 120 to
operate the operating member. In one embodiment, the
operating tool 1s, for example, a clamping member for
clamping a workpiece to be operated. In another embodi-
ment, the operating tool can be a component for holding, a
workpiece to be operated. In yet another embodiment, the
operating tool 1s a vacuum suction head. The operating tool
can be any various took which can be used to operate the
workpiece to be operated, and are not limited to the tools
listed here. In the robot body 20, the connection part
between two adjacent connecting rods 11 1s also called a
joint 110.

Referring to FIGS. 1 and 2, 1n some embodiments, the
robot body 20 includes position/speed sensors 201, force
and torque sensors 203, joint drivers 205, and an operating
tool 207. The operating tool 207 may be disposed on an end
cllector 12 (see FIG. 2). Position/speed sensors 201 are
distributed at each joint 110 of the robot body 20 to sense the
position of the respective joint. As an example, the force and
torque sensors 203 are also distributed at each joint 110 of
the robot body 20 to determine the joint torque of the robot.
The force and torque sensor 203 may be a single-degree of
freedom force or torque sensor or a multi-degree of freedom
(e.g., six-degree ol freedom) force and torque sensor. In
other embodiments, joint torque can alternatively be
obtained from the joint current feedback value and the
observation of the joint observer rather than the force and
torque sensors 203. Further, the contact force and torque at
the end of the end effector can be calculated from the joint
torque. The joint drivers 205 are provided at the joints 110
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of the robot body 20, respectively, to drive the movement of
the respective connecting rods of the robot. An operating
tool 207 1s provided at the end effector 12 shown in FIG. 2
for operating the operating member. The operating tool 207
can be of different forms. In the present disclosure, the
operating tool 207 is configured to move the operating
member to the adapting member 1n the assembly direction
until the operating member reaches the adapting member.
Herein, the assembly direction refers to the direction 1n
which the operating member and the adapting member are
engaged. For example, in FIG. 4, the assembly direction 1s
the direction 1n which the operating member 40 enters nto
and moves to the adapting part 420 of the adapting member
42, that 1s, the negative z direction.

The operating tool 207 1s also configured to move the
operating member 1n a determined moving mode, and con-
tinuously apply a force in the assembly direction to the
operating member during the movement of the operating
member 1n the determined moving mode, such that the
operating member and the adapting member are 1n a stable
contact during the whole assembling process. In the present
disclosure, the force applied to the operating member 1n
order that the operating member and the adapting member
have a stable contact during the whole assembling process 1s
also referred to as a contact force. The magnitude of the
contact force 1s not necessarily constant. For example, the
force can be a constant force, a gradually increasing force,
or a gradually decreasing force. In some embodiments, the
magnitude of the contact force can be determined based on
the assembling scenario of the operating member and the
adapting member, and the material properties of the both.
For example, 11 both the operating member and the adapting
member are made of hard materials, a constant force can be
applied; and 11 any one of the operating member and the
adapting member 1s made of soft material, 1t 1s possible to
apply a force that gradually increases or decreases or
changes 1n magnitude.

The operating tool 207 1s further configured to stop
moving the operating member in the determined moving
mode and stop applying the force to the operating member
in the assembly direction 1f a preset condition indicating that
the assembling of the operating member and the adapting
member 1s completed 1s met. According to the example of
the application, the preset condition may be that the assem-
bling time 1s greater than a preset maximum assembling
time. The assembling time refers to a period starting from
the moment of the operating member reaching the adapting
member to the completion of the engagement of the oper-
ating member with the adapting member. The preset condi-
tion may also be the depth of moving the operating member
from the position at which the operating member reaches the
adapting member into the adapting member 1s greater than
the preset assembling depth. In other embodiments, other
conditions which can be used to indicate the completion of
the assembling can be taken as the aforesaid preset condi-
tion.

Referring to FIG. 1, the controller 22 1ncludes a processor
222 and a memory 220. The memory 220 1s used to store
data which, for example, includes instructions to be
executed by the processor 222 to control the robot body 20,
data transmitted by the vision system 24, and data transmiut-
ted by various devices which are provided on the robot body
20 such as position/speed sensors, force and torque sensor or
the like. In some examples, the memory 220 may also store,
for example, multiple preset possible moving modes for
adjusting the operating member. And, 1n some cases, the
memory 220 may store a preset track. The processor 222 1s
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configured to execute 1nstructions stored 1n the memory 220.
The processor 222 can also process various data input mnto
the controller 22, which may or may not be data in the
memory 220.

According to some examples of the present disclosure, the
processor 222 1s configured to generate a control signal for
controlling the operating tool 207 of the robot body 20 so as
to move the operating member to the adapting member 1n the
assembly direction until the operating member reaches the
adapting member. For example, the processor 222 deter-
mines the scenario of the assembling according to the image
acquired by the vision system 24 of the robot, then deter-
mines to move the operating member to the adapting mem-
ber by operations such as grasping and moving until the
operating member reaches the adapting member, and then
generates a control signal for the operation tool 207 accord-
ingly.

According to further examples of the present disclosure,
the processor 222 1s configured to determine the moving
mode for adjusting the operating member when executing
instructions stored in the memory 220. In other words, for
the operating member which already reaches the adapting
member, the processor 222 1s configured to determine which
moving mode(s) 1s used to engage the operating member
with the adapting member to complete the assembly. The
moving mode includes one or both of a moving-in-plane
mode and posture-adjusting mode. In the moving-in-plane
mode, the operating member 1s moved 1n a plane perpen-
dicular to the assembly direction. In the posture-adjusting
mode, the operating member 1s adjusted around the assem-
bly direction. The processor 222 further generates the con-
trol signal from the determined moving mode to enable the
operating tool 207 to move the operating member in the
determined moving mode. In the process of moving the
operating member in the determined moving mode, the
processor 222 can adjust the magnitude of the contact force
according to the data sensed by the sensors disposed on the
robot body 20, such as the force and torque sensors 203. For
the adjustment of the contact force, 1t 1s also possible for the
processor 222 to refer to the image information of the
operating member and the adapting member collected, for
example, by the vision system 24.

As an example, the processor 222 can determine the
assembly environment from the images of the operating
member, the adapting member and their surrounding envi-
ronment by the vision system 24. The assembly environment
1s related to the positions of the operating member and the
adapting member or/and related to the way for assembling of
the operating member and the adapting member. Alterna-
tively, the determination of the assembly environment 1s
unnecessarily determined by the processor 222. For
example, if the vision system 24 includes an algorithm
module, the algorithm module may determine the assembly
environment and transmit the determined assembly environ-
ment to the processor 222 of the controller 22. According to
the assembly environment, the processor 222 determines the
moving mode for adjusting the operating member.

Referring to FIG. 1, the vision system 24 of the shown
robot includes an 1mage capturing component 240 and an
algorithm module 242. The image capturing component 240
1s used for taking images of the operating member and the
adapting member, and, 1f necessary, can also be configured
to take 1images when the operating member 1s moved 1n the
moving mode. As an example, the 1mage capturing compo-
nent 240 can be a camera or an 1mage sensing unit. The
algorithm module 242 may be configured to calculate and
determine the position of the operating member, the position
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of the adapting member and their relative position from
images taken by the 1image capturing component 240. Other
functions can be configured for the algorithm module 242,
such as processing the captured image when the operating
member moves 1n the moving mode. It should be noted that
the algorithm module 242 of the vision system 24 1s
optional. Image data for the image captured by the image
capturing component 240 can be transmitted to the control-
ler 22 for processing. In addition, according to other
examples of the application, the vision system 24 may be
omitted. For example, if the moving mode in which the
operating member moves to the adapting member 1s a preset
moving mode, then the vision system 24 can be omitted
since 1t may be unnecessary to determine the assembly
environment.

In some examples, when executing the 1nstructions stored
in the memory 220, the processor 222 determines the
moving mode for adjusting the operating member by select-
ing the mode from multiple possible preset moving modes.
That 1s, 1n those examples, the moving mode used for
adjusting the operating member can be directly selected
from the multiple possible moving modes stored in advance,
rather than be determined by the processor 222 based on the
images taken by the vision system or data sensed by other
SEeNSors.

In some examples, the processor 222 controls the oper-
ating tool 207 via the control signal to move the operating
member according to one of the following preset tracks or a
combination of two or more of the following preset tracks:
a track of one way or back and forth movement along a
straight line; a track of one way or back and forth movement
along a curve; a track of one way or back and {forth
movement 1n a grid path; and a track of one way or back and
forth movement spirally, where the one way or back and
forth movement spirally means moving circularly with
gradually increasing radius.

In addition, according to an example of the present
disclosure, the vision system 24, especially the image cap-
turing component 240 of the vision system 24, can be
configured to capture images of the operating member and
the adapting member during the movement of the operating
member 1n the determined moving mode, thereby generating
position information of the operating member and the adapt-
ing member and posture mformation of at least the operating
member. On one hand, 1n the process of moving the oper-
ating member, the processor 222 can adjust the moving
mode and moving path according to the information
received Irom the wvision system 24, so as to bypass
obstacles. Accordingly, flexible assembly suitable for the
actual assembly scenario can be achieved. On the other
hand, the processor 222 1s configured to optimize the mov-
ing mode according to the position nformation of the
operating member and the adapting member and posture
information of at least the operating member, which 1is
helptul to improve the moving mode. In other embodiments,
it 1s also possible to realize tlexible assembly and optimizing
by the mnformation sensed by the robot, such as position
sensors, force and torque sensors.

FIG. 4 schematically shows an assembling scenario of an
operating member and an adapting member according to an
example of the present disclosure. Referring to FIG. 1, FIG.
2 and FIG. 4, the operating tool 207 provided at the end
cllector 12 has moved the operating member 40 onto the
plane 422 of the adapting member 42. The processor 222 of
the controller 20 determines the moving mode for adjusting
the operating member 40 so as to assemble the operating
member 40 into the adapting part 420 of the adapting
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member 42. The processor 222 of the controller 20 deter-
mines whether to use a moving-in-plane mode, a posture-
adjusting mode, or a combination thereof, for example,
according to the information transmitted by the vision
system 24. In the particular example, based on the informa-
tion from the vision system 24, the processor 222 determines
that 1t may use the moving-in-plane mode.

More specifically, the processor 222 determines from the
image captured by the 1image capturing part 240 of the vision
system 24 that the operating member 40 can enter into the
adapting part 420 of the adapting member 42 along the linear
and unidirectional moving track and accordingly generates a
control signal for the operating tool 207. After receiving the
control signal, the operating tool 207 moves the operating
member 40 1nto the adapting part 420 according to the linear
and unidirectional moving track. In the event that the
operating tool 207 encounters obstacles 1 moving the
operating member 40, the processor 222 can further adjust
the moving mode according to 1images or the data transmuit-
ted by the sensor 1n accordance with the present disclosure.
For example, the processor 222 determines that the posture-
adjusting mode should be used to adjust the posture of the
operating member 40, or the processor 222 determines that
the moving track should be adjusted to the track of moving,
in a grid path 1n the moving-in-plane mode.

As mentioned above, when the operating tool 207 moves
the operating member 40 towards the adapting part 420 in
the plane 422 perpendicular to the assembly direction, a
force, referred to as a contact force, 1s applied to the
operating member 40 continuously to make the operating
member 40 reach the plane 422. The contact force 1s not
fixed, but 1s changeable depending on maternials of the
operating member 40 and the adapting member. In some
examples, the force applied to the operating member can be
constant. In other examples, the force applied to the oper-
ating member can be mnconstant, such as a first force which
1s increased gradually, a second force which 1s decreased
gradually, or the like.

The force applied by the operating tool 207 to keep the
operating member 40 i1n contact with the plane 422 1is
intended to press the operating member towards the plane
422. The applied force can remain constant, or change from
large to small, from small to large, or from time to time. No
matter how the force 1s applied herein, 1t 1s necessary to keep
the operating member in stable contact with the plane
perpendicular to the assembly direction.

According to the examples of the present disclosure, the
contact between the operating member and the plane per-
pendicular to the assembly direction can be point contact,
surface contact, arc contact, etc., which depends on the
shape of the part of the operating member used to contact the
plane.

In the example shown 1n FIG. 4, the force applied by the
operating tool 207 to the operating member 40 1s a constant
force. According to some examples of the present disclosure,
a preset condition for determining whether to stop moving
the operating member 40 1n assembling the the operating
member 40 and the adapting member 42 1s set 1n advance.
When the processor 222 determines that the preset condition
1s satisfied, 1t generates a control signal to stop the operating
tool 207 moving the operating member 40. As an example,
the preset condition can be that the time spent in assembling,
1s greater than the preset maximum assembling time 1n
which the assembling time can be counted from the moment
that the operating member reaches the adapting member.
Once the preset condition 1s satisfied, the operating tool 207
1s controlled to stop moving the operating member 40 and
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stop applying force to the operating member 40. According
to other examples, the preset condition can be that the depth
of movement of the operating member to the adapting
member 1s greater than the preset assembling depth after the
operating member reaches the adapting member. In all
examples herein, when we discuss A 1s greater B, A equaling
B 1s also included.

The preset conditions will be further exemplified with
reference to FIG. 4 heremnatter. It should be noted that the
preset condition can be selected according to the actual
needs, such as selecting one or more from the conditions set
in advance.

As shown i FIG. 4, the engagement of the operating
member 40 with the adapting member 42 1s that the oper-
ating member 40 falls into the adapting member 420 so as
to it each other. Different ways can be used to determine the
just reaching of the operating member 40 and the adapting
member 42. For example, the force and torque sensors
provided on the robot detect that the operating member 40
receives a resistance from the plane 422, thereby it can be
determined that the operating member 40 starts to contact
the adapting member 42. In another example, 1t can be
determined from the image captured by the provided image
sensor that the operating member 40 and the adapting
member 42 start to contact. In the example shown in FIG. 4,
by way of example but not limitation, it can be considered
that the operating member 40 starts to contact the adapting
member 42 upon being placed on the plane 422. The
assembling 1s completed when the operating member com-
pletely falls into the adapting part 420. In the present
example, the preset assembling depth 1s the depth of the
adapting member 420. Therefore, when the operating mem-
ber 40 contacts the adapting member 42 and moves 1n the
plane 422, the depth that the operating member 40 moves to
the adapting member 1s unchanged. When the operating
member 40 enters the adapting member 420 and reach the
bottom of the adapting member 420, the depth of the
operating member 40 moving to the adapting member 420 1s
equal to the preset assembling depth, and the preset condi-
tion 1s met.

In other cases, the preset assembling depth 1s a part of the
depth of the adapting part 420. Accordingly, 1t 1s determined
that the preset condition 1s satisfied upon the operating
member 40 enters the adapting part 420 and moves a
distance of said part of the depth of the adapting part 420.

There may exist other ways for assembling the operating
member and the adapting member rather than entering the
operating member 1nto the adapting part as illustrated above,
which cannot be exclusively explained herein. The condi-
tions for mndicating the completion of the assembling of the
operating member and the adapting member can be the
comparison of the assembling time with the preset maxi-
mum assembling time, or the comparison of the depth of the
operating member moving into the adapting member with
the preset assembling depth as described above. Besides, the
completion of the assembling of the operating member and
the adapting member can be determined from changing of
the applied force. Still taking FIG. 4 as an example, 1f the
force applied to the operating member 40 by the plane 422
suddenly changes, for example, suddenly decreases to O
(1.e., the operating member 40 falls into the adapting part
420), and then suddenly increases 1n a short time (1.e., the
operating member 40 lowers to the bottom of the adapting
part 420), 1t indicates that the operating member 40 has been
installed ito the adapting part 420 and the assembling has

been finished.




US 11,833,666 B2

9

The detection of whether the preset condition 1s satisfied
or not can be determined by 1mages captured by the image
capturing component, or by the information obtained by the
force and torque sensor or the position sensor.

FIG. 3 1s a flowchart of a method for assembling a
workpiece by a robot according to an example of the present
disclosure. As an example, the method can be implemented,
by the robot as discussed above 1n combination with FIGS.
1 and 2.

Referring to FIG. 3, at step S300, an operating member 1s
moved to an adapting member 1n an assembly direction until
the operating member reaches the adapting member, where
the assembly direction 1s a direction which allows the
operating member and the adapting member to be engaged.
For example, the operating member can be operated by a
robot through its operating tool 207 which moves the
operating member to the adapting member 1n the assembly
direction. For example, in FIG. 4, the assembly direction 1s
the direction 1n which the operating member 40 enters 1nto
and moves to the bottom of the adapting portion 420 of the
adapting member 42, that 1s, the negative z direction shown
in FIG. 4. In FIG. 5, the assembly direction 1s the direction
in which the operating member 60 1s engaged to the adapting
member 62 along the depth direction of the adapting part
620 of the adapting member 62.

At step S301, a moving mode for adjusting the operating
member 1s determined. The moving mode can include a
moving-in-plane mode, in which the operating member
moves 1n a plane perpendicular to the assembly direction, a
posture-adjusting mode 1 which the operating member 1s
adjusted around the assembly direction, and both of them.

At step S302, the operating member 1s moved in the
determined moving mode, where a force 1n the assembly
direction 1s continuously applied to the operating member
during the movement of the operating member 1n the deter-
mined moving mode. For example, the operating tool 207 of
the robot can continuously apply force to the operating
member during the whole moving process of moving the
operating member 1n the determined moving mode.

At step 304, 1t 1s determined whether a preset condition
for completion the assembling of the operating member and
the adapting member 1s satisfied. If the preset condition 1s
satisfied, the movement of the operating member 1n the
moving mode may be stopped and the force along the
assembly direction to the operating member may be stopped
to apply. The controller of the robot can be used to determine
whether the preset condition 1s satisfied, and generate, 11 the
preset condition 1s satisfied, a control signal to make the
operating tool stop moving the operating member 1n the
moving mode and stop applying force to the operating
member 1n the assembly direction.

Referring to FIG. 3. According to some examples of the
present disclosure, the method for assembling the operating,
member and the adapting member by a robot further
includes steps S306, S307 and S308. To indicate that steps
5306, S307, and S308 are optional steps, they are shown 1n
FIG. 3 with dashed boxes.

At step S306, during the movement of the operating
member 1in the determined moving mode, when the robot
detects an obstacle or finds that the operating member
deviates from the adapting member, 1t adjusts the moving
track to make the operating member bypass the obstacle or
move towards the adapting member. Obstacles can be found,
for example, by force and torque sensors provided on the
robot body or by image capturing component.

At step S307, the relative position, posture mformation
and other necessary information about the operating member
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and the adapting member are collected by the visual detec-
tion of the robot during the movement of the operating
member in the determined moving mode. For example, such
information can be collected by an 1mage capturing com-
ponent which 1s used as the visual detection of the robot.
Instead of or as a supplement of the i1mage capturing
component, sensors such as position sensors, force and
torque sensors and the like can also be used to collect related
information. The collected information can be transmitted to
the controller of the robot, for example.

At step S308, for example, the controller of the robot
optimizes the moving mode according to the collected
relative position and posture information about the operating,
member and the adapting member. By doing so, the opti-
mized moving mode will be used 1n such assembling sce-
nario in the future, and thereby optimizing the whole assem-
bly strategy.

In the example, the optimizing at step S308 1s based on the
data collected at step S307, but in actual operation, the
moving path can be optimized according to the obstacle
information detected at step S306.

As an example, the method shown in FIG. 3 can be
performed by the robot shown above 1n combination with
FIGS. 1 and 2. Actually, the execution process of the method
for assembling the operating member and the adapting
member by the robot according to the examples of the
present disclosure has been described above with reference
to FIG. 1 and FIG. 2. Hereinafter, the process of executing
the method shown 1n FIG. 3 by the robot will be further
explained with reference to the assembly example shown 1n
FIG. 5.

Referring to FIGS. 1, 2, 3 and 5, the robot 1s started to
assemble the operating member 60 and the adapting member
62. The processor 222 of the controller 22 determines the
moving mode for adjusting the operating member 60. In the
example, the processor 222 determines the moving mode
from the information transmitted from the vision system 24.
Specifically, the camera 240 of the vision system 24 captures
images ol the operating member 60 and the adapting mem-
ber 62. The information determined by the algorithm module
242 1s transmitted to the processor 222. The processor 222
calculates and determines to adjust the posture of the oper-
ating member 60 around the assembly direction (1.e., adjust
the position of the operating member 60 relative to the
adapting member 62) and generates a control signal based
on the current relative position of the operating member 60
to the adapting member 62. In the example, the assembly
direction 1s perpendicular to the plane 622. The determined
posture-adjusting mode 1ncludes the path information for
adjusting the posture. The robot body 20 recerves the control
signal and operates the operation tool 207 accordingly. The
operating tool 207 holding the operating member 20 adjusts
the operating member 60 according to the path information
for posture adjustment. Specifically, the operating tool 207
toggles the operating member 60 on the plane 622 to adjust
its relative position with the adapting member 62, and finally
makes the operating member 60 enter into the adapting part
620 of the adapting member 62. And the assembling 1s
completed when the depth of the operating member 60
entering 1nto the adapting part 620 of the adapting member
62 1s greater than the preset assembling depth, as shown 1n
the figure on the right side of FIG. 5.

It should be understood that FIG. 5 illustrates a specific
situation 1n the posture-adjusting mode, and the posture of
adjusting can have more forms. In some cases, 1t may be
necessary to swing the operating member. For example, in
the example shown 1n FIG. 4, the operating member can be
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controlled to swing 1n a plane perpendicular to the XY plane
(for example, swing left and right 1n the XZ plane). In
addition, 1n the examples of the present disclosure, the
adjustment of the operating member 1s taken as an example.
However, instead of or as a supplement of the adjustment of
the operating member, the adjustment can be done to the
adapting member so as to make its posture fit to the
operating member.

FIGS. 6A to 6B are exemplary assembling scenarios
where an operating member 70 (a voice coil) needs to be fit
into an adapting member 72 (a voice device). FIG. 6 A shows
the scenario before assembling, and FIG. 6B is the scenario
alter assembling 1s done according to the present disclosure.

FIG. 7 1s a flowchart of an exemplary process for assem-
bling an operating member and an adapting member by a
robot according to an example of the present disclosure.
Now, the process of the operating member being assembled
to the adapting member will be discussed by taking the
process shown in FIG. 7 implemented 1n the assembling
scenar1o shown i FIGS. 6A and 6B as an example. Here-
inafter in combination with FIGS. 7, 6A and 6B, the oper-
ating member 70 1s also called a voice coil 70, and the
adapting member 72 1s also called an audio device 72,
depending on the context.

As shown 1 FIG. 7, at step S800, the execution of the
method 1s started. At step S804, the operating member 1s
grasped. Herein, the term “grasp”, “grasping” should be
broadly understood to cover any operation such as clamping,
sucking through a vacuum suction pipe, holding, or contact-
ing which can be used to push the operating member.
Grasping means that the operating tool of the robot operates
the operating member 70 and moves it to the vicinity of the
adapting member 72, for example, at least to the plane 722.
Returning to the example of the assembling scenario of the
voice coil and the audio equipment shown 1 FIGS. 6A and
6B, the operating tool of the robot grasps the voice coil 70
and moves it to the plane 722 of the audio device 72.

At step S806, the operating member 1s moved to the
vicinity of the adapting member. The vicinity of the adapting,
member means that the operating member can at least
contact the adapting member when the grasped operating
member 1s put down. For example, the voice coil 70 1s
moved to the vicinity of the audio device 72 to ensure that
the voice coil 70 can be placed on the plane 722 once it 1s
put down.

At step S808, the controller of the robot controls the
operating tool to place the operating member on the adapting
member. For example, the voice coil 70 1s placed on the
plane 722.

At step S810, the moving mode of the operating member
1s determined. Returning to the example of the voice coil and
the audio device, the controller determines what kind of
moving mode will be selected to move the voice coil 70
enters the adapting part 720 of the audio device. The moving
mode 1s either a moving-in-plane mode 1n which the oper-
ating member 70 1s moved 1n the plane 722, or a posture-
adjusting mode 1n which the operating member 70 1s rotated
around the assembly direction to engage with the adapting
part 720, or a combination of the two modes. In the example
combining FIGS. 6A and 6B, the assembly direction 1is
perpendicular to the XY plane.

At step S812, the operating tool 1s controlled to move the
operating member in the determined moving mode. In the
example, the voice coil 70 1s moved by the operating tool 1n
the determined moving mode so as to enter the adapting part
720. During the movement of the operating member, a force
1s applied to the voice coil 70 1n the assembly direction, that
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1s, 1n the depth direction of the adapting part 720 such that
a certain contact torce exists between the voice coil 70 and

the plane 722.

According to the example of the present disclosure, the
moving-in-plane mode includes moving 1n a plane perpen-
dicular to the assembly direction according to a preset track.
The preset track has been described above, but it should be
noted that the preset track may include more kinds of
moving tracks, which cannot be exclusively explained
herein. Under the condition that the assembling scenario 1s
determined, 1t can be set 1n advance in which path or track
the operating member moves into the fitting part of the
fitting member. Taking the assembling scenarios shown 1n
FIGS. 6A and 6B as examples, the preset track can be, for
example, moving 1n a grid path in the plane 722 or moving
back and forth. FIG. 6C shows an exemplary grid path when
the voice coil 70 1s moved along the grid path in the plane
722. As shown, the operating member 70 moves forward 1n
the direction 73, after moving for a certain distance, 1t 1s
adjusted to move 1n the direction 76, then adjusted to move
in the direction 77, and then move 1n the direction 78. In the
orid path movement, the moving distances in different
directions are unnecessarily fixed or are unnecessarily be
kept as same. Besides, in the grnid path movement, the
directions are unnecessarily orthogonal to each other. The
orid path 1s mtended to enable the operating member 70 to
be adjusted due to the direction deviation during the move-
ment to the adapting member 72. As a supplement or
alternative to the grid path, the moving path can also be
zigzag or S-shaped moving to a certain place.

FIG. 6D shows the moving track of the operating member
70 moving back and forth in a straight line on the plane 722.
As shown 1n the figure, the operating member 70 1s adjusted
along the straight line AB 1n the direction B, and then 1n the
direction A. The purpose of adjustment 1s to make the
operating member 70 fall into the adapting part 720. The
distance for each adjusting can be different or the same,
which 1s determined by the controller of the robot according
to the positional relationship between the operating member
and the adapting member acquired by the 1mage device or
the position sensor, or by the force information sensed by the
force and torque sensors. Although track 1n a curve 1s not
shown 1n figures, it should be understood that in some
examples, the line AB can be a curve.

Turning to the examples shown 1n FIG. 6A and FIG. 6B,
where the determined moving mode 1s a moving-in-plane
mode. Specifically, the moving mode here can be moving
forward 1n a straight way, moving in a grid path, moving
back and forth along a straight line, or any combination
thereof.

At step S814, the process 1n which the operating tool 207
moves the operating member to the adapting member 1n the
determined moving mode 1s monitored, so as to determine
whether there 1s abnormality 1n the moving path of the
operating member. Abnormality here refers to the situation
that the operating member may encounter in moving to the
adapting member the situation out of the normal moving
environment, such as being blocked by obstacles.

When the voice coil 70 1s moved by the operating tool of
the robot, the controller of the robot determines whether the
moving path 1s correctly towards the audio device 72
according to the information acquired by the image captur-
ing component, etc. If there 1s any deviation, the controller
controls the operating tool to make adjustment, and the
adjusted path can be, for example, the various moving paths
in the plane mentioned above.
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In the monitoring described at step S814, the robot can
also monitor the assembling time from the beginning. In this
case, the maximum time for assembling, namely Tmax, 1s
usually preset. If the assembly scenario 1s known, the preset
maximum assembling time can be determined 1n advance. In
addition, 1t can also be determined according to prior expe-
rience.

As shown at step S818, 1f the assembling time
Tmount>Tmax, the assembling 1s completed, and the pro-
cess proceeds to step S820 at which the current assembling
1s ended. Otherwise, the assembling time will still be momni-
tored at step S814.

It 1s possible to determine whether the assembling 1s
completed in other ways, for example, according to the

depth of movement of the voice coil 70 to the audio device
72.

The disclosure also provides a controller 90 shown in
FIG. 8. The controller 90 includes a memory 900 and a
processor 922. The memory 900 1s used for storing nstruc-
tions, and the processor 922 1s configured to execute these
instructions. As an example, the controller 90 can commu-
nicatively coupled to the robot shown in FIG. 1. According
to a particular example, the controller 90 can be 1mple-
mented as the controller 20 described above 1n connection
with FIG. 2. The controller 90 can be applied to the robot
shown 1n FIG. 1 in the same way as the controller 20. In
other words, the controller 20 can be implemented as a
separate controller 90 and communicatively coupled to the
robot to realize functions described above.

Several examples of the application have been described
with reference to the drawings above. According to
examples of the present disclosure, when assembling a
workpiece, the robot moves the workpiece in the moving
mode determined based on the assembly environment. And
in the process of moving, the moving mode or moving track
of the operating member can be adjusted due to obstacles,
deviation from the direction, etc., so as to achieve flexibly
assembling like human assembling the workpieces.

The embodiments as described above only 1llustrate sev-
ceral embodiments of the present disclosure, and their
descriptions are more specific and detailed, but they should
not be construed as limiting the scope of the invention
patent. It should be noted that, for those of ordinary skill in
the art, without departing from the concept of the present
disclosure, several variants and modifications can be made,
which all fall within the protection scope of the present
disclosure. Theretfore, the protection scope of the mvention
patent shall be subject to the appended claims.

What 1s claimed:
1. A method for assembling an operating member and an
adapting member by a robot, wherein the method comprises:

moving the operating member towards the adapting mem-
ber 1n an assembly direction until the operating member
reaches the adapting member, wherein the assembly
direction 1s a direction which allows the operating
member and the adapting member to be engaged;

determining a moving mode for adjusting the operating
member, the moving mode comprising one or both of
a moving-in-plane mode, 1n which the operating mem-
ber 1s moved 1n a plane perpendicular to the assembly
direction, and a posture-adjusting mode, 1n which the
operating member 1s adjusted around the assembly
direction;

moving the operating member 1n the determined moving
mode, and applying a force continuously to the oper-
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ating member 1n the assembly direction during moving,
the operating member 1n the determined moving mode;
and

determiming whether a preset condition for a completion

of the assembling of the operating member and the
adapting member 1s satisfied, and stopping moving the
operating member 1n the determined moving mode as
well as stopping applying the force to the operating
member in the assembly direction when it 1s deter-
mined that the preset condition 1s satisfied,

wherein the moving-in-plane mode comprises moving 1n

a preset track in the plane perpendicular to the assem-

bly direction, the preset track comprising any one of the

followings or combination thereof:

a track of one way or back and forth movement along
a straight line;

a track of one way or back and forth movement along
a curve;

a track of one way or back and forth movement 1n a grid
path; and

a track of one way or back and forth movement spirally.

2. The method of claim 1, wherein the determiming a
moving mode for adjusting the operating member com-
Prises:

determining an assembly environment for the operating

member and the adapting member, wherein the assem-
bly environment 1s related to at least one of positions of
the operating member and the adapting member and
ways ol the assembling of the operating member and
the adapting member; and

determiming the moving mode for the operating member

based on the assembly environment.

3. The method of claim 1, wherein the method further
COmMprises:

a plurality of presetting possible moving modes; and

wherein the determining a moving mode for adjusting the

operating member comprises selecting the moving
mode for adjusting the operating member from the
plurality of the preset possible moving modes.

4. The method of claam 1, wherein the moving the
operating member 1n the determined moving mode com-
Prises:

acquiring information on positions of the operating and

adapting members and posture information of at least
the operating member by robot visual detection during
moving the operating member 1n the determined mov-
ing mode; and

optimizing the moving mode based on the acquired infor-

mation on positions of the operated and adapting mem-
bers and the acquired posture information of at least the
operating member.

5. The method of claim 1, wherein the preset condition
COmMprises:

a time for assembling being greater than a preset maxi-

mum assembling time, or

a depth that the operating member moves to the adapting,

member starting from the moment of the operating
member just reaching the adapting member being
greater than a preset assembling depth.

6. The method of claim 1, wherein the applying a force
continuously to the operating member 1n the assembly
direction during moving the operating member 1n the deter-
mined moving mode comprises:

applying a constant force to the operating member con-

tinuously in the assembly direction;
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applying a first force to the operating member continu-
ously 1n the assembly direction, wherein the first force
1s 1ncreased gradually; or

applying a second force to the operating member con-
tinuously 1n the assembly direction, wherein the second
force 1s decreased gradually.

7. A robot comprising:

several connecting rods;

joint drivers provided at connections of the connecting
rods;

an end ¢
and

an operating tool provided at the end eflector, and the

operating tool being configured to:

move an operating member towards an adapting mem-
ber 1n an assembly direction until the operating
member which allows the operating member and the
adapting member to be engaged;

move the operating member 1n a determined moving
mode, wherein a force 1s continuously applied to the
operating member 1n the assembly direction during
moving the operating member in the determined
moving mode; and

stop moving the operating member in the determined
moving mode and stop applying the force to the
operating member 1n the assembly direction, 1f a
preset condition for a completion of the assembling
ol the operating member and the adapting member 1s
satisfied,
a processor and a memory for storing instructions, in
which when executing the mstructions, the processor 1s
configured to:
determine the moving mode for adjusting the operating
member, the moving mode comprising one or both of
a moving-in-plane mode, 1 which the operating
member 1s moved 1 a plane perpendicular to the
assembly direction, and a posture-adjusting mode, 1n
which the operating member 1s adjusted around the
assembly direction; and

generate a control signal from the determined moving
mode to control the operating tool, which comprises
generating the control signal from a preset track, the
preset track comprising one or any combination of:
a track of one way or back and forth movement along,

a straight line;

a track of one way or back and forth movement along

e

ector provided at the end of the connecting rods;

a curve;
a track of one way or back and forth movement 1n a
orid path; and
a track of one way or back and forth movement
spirally.
8. The robot of claim 7, wherein the robot further com-

prises:
an 1mage capturing component used for capturing images
for the operating member and the adapting member to
determine an assembly environment for the operating
member and the adapting member, wherein the assem-
bly environment 1s related to at least one of positions of
the operating member and the adapting member and
ways ol assembling of the operating member and the
adapting member; and
the processor further configured to determine the moving
mode for the operating member based on the assembly
environment.
9. The robot of claim 7, wherein the memory i1s further
used to store a plurality of preset possible moving modes,
and the processor 1s further configured to select the moving
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mode for adjusting the operating member from the plurality
of the preset possible moving modes when executing the
instructions.

10. The robot of claim 8, wherein the 1mage capturing
component 1s configured to acquire information on positions
of the operating and adapting members and posture infor-
mation of at least the operating member during moving the
operating member 1n the determined moving mode.

11. The robot of claim 10, wheremn the processor 1s
configured to optimize the moving mode based on the
acquired information on positions of the operated and adapt-
ing members and the acquired posture information of at least

the operating member.

12. The robot of claim 7, wherein the operating tool 1s
configured to stop moving the operating member i the
determined moving mode and stop applying the force to the
operating member 1n the assembly direction, 1f a time for
assembling 1s greater than a preset maximum assembling
time or 1f a depth that the operating member moves to the
adapting member starting from the moment of the operating
member just reaching the adapting member 1s greater than a
preset assembling depth.

13. A controller comprising a processor and a memory for
storing instructions, wherein when executing the instruc-
tions, the processor 1s configured to:

control a robot to move an operating member to an

adapting member 1n an assembly direction until the
operating member reaches the adapting member,
wherein the assembly direction 1s a direction which
allows the operating member and the adapting member
to be engaged;

determine a moving mode for adjusting the operating

member, the moving mode comprising one or both of
a moving-in-plane mode, 1n which the operating mem-
ber 1s moved 1n a plane perpendicular to the assembly
direction, and a posture-adjusting mode, 1n which the
operating member 1s adjusted around the assembly
direction;

control the robot to move the operating member 1n the

determined moving mode, wherein the robot 1s con-
trolled to apply a force to the operating member 1n the
assembly direction during moving the operating mem-
ber 1n the determined moving mode; and

determine whether a preset condition for a completion of

the assembling of the operating member and the adapt-
ing member 1s satisfied, and stop moving the operating
member in the determined moving mode and stop
applying the force to the operating member in the
assembly direction when 1t 1s determined that the preset
condition 1s satisfied,

wherein when executing the instructions, the processor

being configured to control the robot to move the

operating member 1n the determined moving mode

further comprises controlling the robot to move the

operating member according to a preset track, 1n which

the preset track comprises one or any combination of:

a track of one way or back and forth movement along
a straight line;

a track of one way or back and forth movement along
a curve;

a track of one way or back and forth movement in a grnid
path; and

a track of one way or back and forth movement spirally.

14. The controller of claim 13, wherein the processor 1s
configured to determine whether the preset condition 1is
satisfied from one or both of followings:
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a time for assembling being greater than a preset assem-
bling maximum time;

a depth that the operating member moves to the adapting
member starting from the moment of the operating
member just reaching the adapting member being s
greater than a preset assembling depth.
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